Objective: To identify the change in the incidence of cutaneous melanoma over time among young adults. Patients and Methods: Using Rochester Epidemiology Project data, we identified patients aged 18 to 39 years who had a first lifetime diagnosis of melanoma from January 1, 1970, through December 31, 2009, in Olmsted County, Minnesota. Demographic and clinical information, including survival, was abstracted, and estimates of the incidence of melanoma and overall and disease-specific survival were generated. Results: From 1970 to 2009, the incidence of melanoma increased by 8-fold among young women and 4-fold among young men. Overall and disease-specific survival seemed to improve over time; hazard ratios comparing year of diagnosis with mortality were 0.92 and 0.91, respectively. Conclusion: The incidence of cutaneous melanoma among young adults is rapidly increasing, especially among women. Continued close monitoring of this high-risk population is necessary.
The incidence of nonmelanoma skin cancer has been increasing among young adults. 5 This finding raises the question of whether the incidence of cutaneous melanoma is also increasing in this age group. The National Cancer Institute recently reported from the Surveillance, Epidemiology, and End Results (SEER) database that in males aged 15 to 39 years the age-adjusted annual incidence of melanoma increased from 4.7 cases per 100,000 persons in 1973 to 7.7 cases per 100,000 persons in 2004. In females of similar age, the age-adjusted annual incidence increased from 5.5 cases per 100,000 persons in 1973 to 13.9 cases per 100,000 persons in 2004. 6 Interestingly, although the incidence is increasing, the disease-specific mortality rate seems to be decreasing in young patients in whom melanoma develops. 6 Little is known about the natural history, distribution of subtypes, and disease-related mortality of melanoma among young adults. Studies addressing these issues have been unable to provide useful data because they are too small, 7 not performed in welldefined populations, 8 or biased by the underreporting and delayed reporting that characterize registrybased epidemiology studies. [9] [10] [11] Some studies 12 have suggested that younger age at the time of diagnosis of melanoma is correlated with increased risk of nodal disease. The primary objective of this study was to estimate the age-and sex-specific incidence of melanoma in Olmsted County, Minnesota, in patients aged 18 to 39 years from 1970 through 2009. The secondary objectives were to describe the clinical presentation, histologic subtypes, anatomic distribution, and rates of recurrence, metastasis, and death among this population.
PATIENTS AND METHODS
The Rochester Epidemiology Project (REP) was started in 1966, when indexes of diagnoses were created for use by the medical professionals in Olmsted County, Minnesota. The result is linkage of medical data from almost all sources of medical care available to the local population of the county. This data resource provides the ability to conduct population-based analytic studies for almost any disease.
Potential cases of cutaneous melanoma were identified through the REP databases using the appropriate codes adapted from the International Classification of Diseases, Ninth Revision (ICD-9) and Hospital International Classification of Diseases. Patients with noncutaneous melanoma were excluded. Confirmation of diagnosis of cutaneous melanoma and residency status in Olmsted County, Minnesota, was conducted. The diagnosis was established on the basis of consensus dermatopathology diagnosis from skin biopsy specimens. For all confirmed cases, a date of diagnosis was established based on the date of biopsy. Inclusion criteria were a confirmed first lifetime diagnosis of cutaneous melanoma, age between 18 and 39 years, Olmsted County residency, and date of diagnosis between January 1, 1970, and December 31, 2009. Once the inclusion criteria were confirmed, the medical record was abstracted to determine patient demographics, melanoma location, pathologic stage, tumor subtype, Breslow depth, clinical course, and final outcome. Available pathology slides were reviewed by a single author (L.E.G.) to confirm the diagnosis of melanoma and, in some cases, to determine the histologic subtype of the melanoma.
Incidence rates per 100,000 person-years were calculated overall and by decade using the incident cases of melanoma as the numerator and age-and sex-specific estimates of the population of Olmsted County as the denominator. The population at risk was estimated using US Census data from 1970, 1980, 1990 , and 2000, with linear interpolation for intercensal years. Incidence rates were age and sex adjusted to the structure of the 2000 US white population.
The associations between the incidence of melanoma and age at diagnosis, sex, and calendar year of diagnosis were assessed by fitting generalized linear models using the SAS procedure GENMOD (SAS Institute Inc, Cary, NC). Incident cases were grouped into 4 age intervals (18-24, 25-29, 30-34, and 35-39 years) and 4 calendar year intervals (1970-1979, 1980-1989, 1990-1999, and 2000-2009) . The models fit the natural logarithm of crude incidence rates as a linear function of age at diagnosis, sex, and calendar year of diagnosis, with a Poisson distribution used to model the error structure. The significance of the linear trends for the features of interest and interaction terms among these features was assessed using likelihood ratio statistics.
Overall survival and disease-specific survival were estimated using the Kaplan-Meier method. The duration of follow-up was calculated from the date of diagnosis to the date of death or last follow-up. Associations with death from any cause and death from disease were evaluated using Cox proportional hazards regression models and summarized with hazard ratios (HRs) and 95% confidence intervals.
All analyses were performed using the SAS software package (version 9.2), and PϽ.05 was considered statistically significant.
RESULTS
Using REP resources, we identified 256 young adults between the ages of 18 and 39 years who were residents of Olmsted County, Minnesota, at their first lifetime diagnosis of melanoma between 1970 and 2009. Characteristics of the 256 young adults under study are summarized in Table 1 .
Histologic slides were available for 220 of the 256 melanomas. On the basis of reanalysis, the diagnosis of melanoma was confirmed for all tumors. The histologic subtype was changed from unknown to a known category in 12 melanomas. Two tumors were changed from superficial spreading to spitzoid type.
The overall age-and sex-adjusted incidence of melanoma for these young adults was 16.9 cases per 100,000 person-years ( Table 2 ). The age-adjusted incidence was higher for women than men (23.2 vs 10.8 cases per 100,000 person-years; PϽ.001). The incidence of melanoma increased with age at diagnosis (Pϭ.05) and by calendar year of diagnosis (PϽ.001) for both women and men. Median age and female-male sex distribution at time of diagnosis did not change over time.
Among the 250 patients with available pathologic stage, 24 (10%) were classified as having pathologic stage IIA or higher disease and 205 (82%) had invasive disease, classified as pathologic stage IA or higher. Incidence rates for patients with and without stage II, III, or IV disease and patients with and without invasive disease by sex and decade are summarized in Table 2 .
A comparison of features by decade is given in 
DISCUSSION
Our study confirms that the incidence of cutaneous melanoma is increasing among young adults, with this incidence increasing more than 6-fold during the past 40 years in these patients. The lifetime risk of melanoma is higher in males than females, although the opposite is true in young adults and adolescents, with the female-male incidence ratio being as high as 1.8 in young adults aged 20 to 24 years. 4 The present study confirms this trend, but we observed that the rate of increase of the incidence of melanoma in young women is greater than that of young men. Comparing the 1970s to the 2000s, the incidence for men increased more than 4-fold; for women, the incidence increased more than 8-fold.
This finding may be explained by some sex-specific behaviors that lead to different UV light exposure. Young women are more likely than young men to participate in activities that increase the risk of melanoma, including voluntary exposure to artificial sunlamps.
14 In 1996, a telephone survey conducted by the American Academy of Dermatology found that, despite increased public awareness of the harms of exposure to UV light, the frequency of severe sunburns and tanning bed use had increased and was higher among women. 15 Results from a recent telephone survey reveal that young women are much more likely than young men to participate in indoor tanning. 16 In addition to UV exposure in adulthood, tanning bed use and sunburns in childhood and adolescence may contribute to melanoma development. High-risk behavior is increasingly common among children 17 and adolescents. 18 Despite public health education campaigns designed to decrease behaviors that lead to excessive UV light exposure, children, adolescents, and adults continue to put themselves at risk.
Some studies show a strong association between UV light exposure and the risk of melanoma. A survey of patients from an academic dermatology clinic found that exposure to indoor tanning beds was a significant risk factor for the development of melanoma and that this risk was even greater among women younger than 45 years. 19 A meta-analysis of other studies addressing this topic confirmed the association between use of tanning beds and melanoma. 20 Although the incidence of melanoma among young adults is clearly increasing over time, the disease-specific mortality is actually decreasing. This finding is consistent with SEER data. 6 Many possible explanations exist for the improved survival of young patients with melanoma over time. Longterm follow-up is not yet available for all patients whose melanomas were diagnosed in the most recent decade (2000-2009), so we do not yet have an estimate for the true survival rate for these patients.
Mortality, as expected, is associated strongly with increased Breslow thickness and advancedstage disease at the time of presentation. It is not surprising to find in this study that as the incidence of advanced-stage disease decreased in the most recent decade, the rate of disease-specific death also decreased.
We have demonstrated that although the incidence of cutaneous melanoma in young adults is increasing markedly, advanced-stage disease at the time of first presentation is decreasing. Residents of Olmsted County, Minnesota, have relatively effortless access to health care, which may explain why most patients have early-stage disease at the time of presentation.
Another possible explanation for the decrease in mortality among this patient population is a change over time in the histologic criteria for the diagnosis of melanoma. This concept of "melanoma inflation" suggests that patients who were believed to have melanoma were never at risk for morbidity or mortality because the lesion removed was in fact biologically benign. One board-certified dermatopathologist (L.E.G.) reviewed all pathologic slides that were available (220 in all). On the basis of this review, we found no evidence of a change in the diagnostic criteria for melanoma over time.
Our results suggest a much greater absolute incidence and increase in incidence of melanoma among young adults than that reported from the SEER database by Purdue et al. 6 Population-based cancer registries rely on the accurate and comprehensive reporting of all incident cases of disease to be able to generate estimates of incidence. Numerous studies have documented the underreporting of melanoma to large cancer registries. An Iowa group found that, based on a survey of state dermatologists, between 10% and 17% of cases were not reported to a state cancer registry. They reported that 25% of all cases of melanoma were reported from independent laboratories, which may contribute to the discrepancy. 21 Koh et al 22 estimated that between 12% and 19% of new cases of melanoma were not reported to the Massachusetts Cancer Registry. These estimates of large discrepancies occur because of the wide variety of nonhospital settings in which melanoma is diagnosed and treated.
An interesting finding in our study was that the location of cutaneous melanoma among young adults differs between sexes. The most common location for melanoma among women in this population was the lower extremity, followed by the upper extremity. For men, melanoma was most commonly found on the back, followed by the upper extremity.
The results presented in this article must be considered in light of the following factors related to the study. We relied on the complete and accurate reporting of cases of melanoma in the medical record. Because the final diagnosis from pathologic specimens is abstracted into REP records, it is unlikely that any cases were missed. It is possible that some cases of melanoma among Olmsted County residents were not included because the patients sought care elsewhere. Another potential limitation is the demographic makeup of the population studied; the incidence of melanoma among this largely white, highly educated population may not be applicable to young adults throughout the United States. Populations of young adults who do not have a reliable source of health care may present with more advanced disease.
CONCLUSION
This study demonstrates an increase in the incidence of melanoma among young adults in Olmsted County, Minnesota, with young women being at higher risk than young men. Although the incidence is increasing, the mortality from this disease seems to be decreasing. Our results emphasize the importance of active interventions to decrease risk factors associated with melanoma in young individuals. In addition, skin cancer screening examinations in young adults are strongly recommended.
